Four new thiourea derivatives namely 1-(2-aminophenyl)-3-(naphthlene-1-yl)thiourea, 3a, N-(2-aminophenyl)-N-(1naphthalenyl)thiourea, 3a', 1-(3-aminophenyl)-3-(naphthalene-1-yl)thiourea, 3b, and 1,4-phenylene-bis[3-(α-naphthyl)thiourea], 3c have been synthesized by the reaction of 1-naphthyl isothiocyanate, 1a with 1,2-phenylenediamine, 2a, 1,3phenylenediamine, 2b, 1,4-phenylenediamine, 2c. The binding behavior of 3b for mercury ion was evaluated by 'naked-eye', 1 H Nucleus Magnetic Resonance, Fourier Transformation Infrared, and UV-Vis titration methods. Stoichiometry of the host-guest complexation of 3b and mercury ion was found to be 1:1 by plotting molar-ratio curves.
Introduction
Thiourea, SC(NH 2 ) 2 is a compound that is analogous to urea (CO(NH 2 ) 2 ), where by the oxygen atom has been replaced with a sulfur atom. It has different properties compared to urea due to the difference in electronegativity between sulfur and oxygen [1] . Thiourea is one of the most important compounds used in relation to metallic electrodes [2] . It can absorb to a metal surface and in so doing block active sites [2] . It is also one of the most important industrial chemical products [3] . The presence of heavy metal ions in the environment is a large problem due to their acute toxicity. They are not biodegradable and harmful to human organs [4] . Among the variety of metal ions, mercury is hugely harmful because its compounds are widely spread in air, soil, and water also can subsequently bio-accumulate through the food chain [5] .
Thioureas are also selective analytical reagents, especially for the determination of metals in the presence of other metal ions [6] . Thiourea derivatives with conjugated oxygen or nitrogen donor sites represent some of the most important chelating ligands in coordination chemistry and their metal complexes are useful for homogenous catalysis, chemical vapor deposition, supramolecular chemistry, redox sensing, magnetic materials and so on [7] . Copper is one of the important trace metals and has been used in complexes to disinfect human solids, liquids and also human tissues. The high concentrations of the metals in the environment are harmful and toxic to living organisms [8] . Mercury is very hazardous to the environment and living organisms. It can exist as either an inorganic or organic species in the environment. It can pass through biological membranes and can cause many dangerous conditions like cancer, brain damage and also motion disorder [9] . The thiourea compound can bind with metal ions to make a stable complex due to the sulfur atom's excellent donor properties [10] . Moreover, it is also extremely flexible as a ligand, either neutral, mono-anion or dianions that able to bind to metal center [11] . Metal complexes of thiourea are commonly semi organic materials, in which the organic and inorganic parts of complex confer the advantageous properties of both elements [12] .
Thioureas show high biological activity where they act as corrosion inhibitors and antioxidants and are also the component of polymers. In 2006, researchers reported acyl thiourea derivatives are for a wide range of biological activities like bactericidal, fungicidal, herbicidal and insecticidal also possess regulating activity for plant growth [13] . In continuation of our research theme, herein we wish to report the synthesis and characterization of four thioureas based 1,2-, 1,3-and 1,4-phenylenediamine. The binding behavior of 3b toward mercury ion was investigated by 'naked eyes', 1 H NMR, FTIR and UV-vis titration method.
Materials and Methods Chemicals
This research was using some chemicals such as 1,2-phenylenediamine (Sigma Aldrich), 1,3-phenylenediamine (Sigma Aldrich), 1,4-phenylenediamine (Merck), 1-naphthyl isothiocyanate (Sigma Aldrich), and solvent such as dimethyl sulfoxide (DMSO) and dichloromethane (DCM) from Fisher company. All the chemicals and solvents were used directly without any purification.
Physical measurement
All reactions were performed under reflux condition. Chemicals and solvents were purchased from Sigma Aldrich and Acros and were used directly without further purification. The compound was analyzed using FTIR Perkin Elmer Model Spectrum GX in the range 400-4000cm -1 using KBr method, 1 H and 1 C NMR spectrometer model Bruker Advance 400 MHz, Liquid Chromatography Mass Spectroscopy model Dionex/Bruker MicroToF Q and Ultraviolet visible (UV-vis) CARY Agilent 100.
Synthesis of 1-(2-aminophenyl)-3-(naphthlene-1-yl)thiourea, 3a
A solution of 1-naphthyl isothiocyanate (0.185 g, 1.00 mmol) and 1, 2-phenylenediamine (0.054 g, 0.50 mmol) in 10 mL dichloromethane (DCM) was refluxed for 23 hours. The white precipitate was filtered out and the pure product was isolated (63 %, 0.092 g).
Synthesis of N-(2-aminophenyl)-N-(1-naphthalenyl)thiourea, 3a'
A solution of 1-naphthyl isothiocyanate (0.093 g, 0.025 mmol) and 1-(2-aminophenyl)-3-(naphthlene-1-yl)thiourea (3a) (0.073 g, 0.025 mmol) in 20 mL DCM was refluxed for 24 hours. The white precipitate was filtered, and the pure product was isolated (85 %, 0.010 g).
Synthesis of 1-(3-aminophenyl)-3-(naphthalene-1-yl)thiourea, 3b
A solution of 1-naphthyl isothiocyanate (0.705 g, 2.00 mmol) and 1, 3-phenylenediamine (0.109 g, 1.00 mmol) in 20 mL dichloromethane (DCM) was refluxed for 24 hours. The white precipitate was filtered out and the pure product was isolated (82 %, 0.241 g).
Synthesis of 1,4-phenylene-bis[3-(α-naphthyl)thiourea], 3c
A solution of 1-naphthyl isothiocyanate (0.927 g, 5.00 mmol) and 1, 4-phenylenediamine (0.270 g, 2.50 mmol) in 20 mL dichloromethane (DCM) was refluxed for 28 hours. The white precipitate was filtered out and the pure product was isolated (95 %, 1.136 g).
Binding behaviors for compound 3b towards selected metal salts
The binding experiments were carried out using naked-eye method, FTIR, UV-Vis titration and 1 H NMR titration. For naked-eye detection, stock solutions (1 x 10 -3 M) of Fe 2+ , Pb 2+ , Hg 2+ , Ni 2+ , Zn 2+ , Ag + , Cu 2+ , Sn 2+ ions and compound 3b in dimethyl sulfoxide (DMSO) were prepared. 1.0 ml vial containing Fe 2+ and 1.0 ml of 3b was mixed together in vials and shaken to ensure homogeneity. The color changes were observed and the data were collected. The experiment was repeated using Pb 2+ , Hg 2+ , Ni 2+ , Zn 2+ , Ag + , Cu 2+ , Sn 2+ ions.
For UV-Vis titrations, 10 ml stock solutions (1 x 10 -3 M) of 3b and selected metal ions (1 x 10 -3 M) were prepared in DMSO as solvent. The screening of these solutions was conducted on a UV-Vis spectrophotometer. 200 µL of 3b and 0-600 µL of the mercury ion solution were titrated and directly analyzed using UV-Vis spectrophotometer [5] .
For the 1 H NMR titrations, 300 µL of a stock solution of Hg 2+ (0 -0.06 M) was added into 560 µL of stock solution of 3b (0.03 M) and then was placed in an NMR tube. Both of solutions were in DMSO-d 6 . The titration solutions were analyzed using 1 H NMR spectroscopy [14] .
For analysis using FTIR spectroscopy, the sample was prepared by using 0.03 M of compound 3b and 0.03 M of Hg(OAc) 2 , both in DMSO as solvent. Compound 3a, 3a', 3b and 3c were synthesized by the reaction of ethyl isothiocyanate 1a with diamines 2a, 2b and 2c (Scheme 1). 
Results and Discussion
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Binding behaviors for 3b towards some selected metal ions
For the visible observations, the most remarkable color change was observed in the presence of Hg 2+ , Cu 2+ , Fe 2+ , and Ag + ions. The color changes before and after adding the metal salts into a solution of 3b are seen in Figure 1 and Table 1 . Based on the observation, the colorless solution became dark brown upon the addition of Hg 2+ (with acetate as counter ion). Next, the screening of 3b with some selected metals in 2.0 ml solvent was carried out using UV-Vis spectroscopy (Figure 2 ). Based on the screening, Hg 2+ was found to show the highest absorption at 260 nm, together with new bands appearing at 305 nm and 370 nm which indicated strong binding behavior of 3b towards the Hg 2+ ion. Due to this high affinity, the Hg 2+ ion was chosen for further titration studies using UV-vis and 1 H NMR titrations. The titration studies of 3b toward Hg 2+ ions were performed in DMSO. Figure 3 shows that upon the gradual addition of 25 µL equivalent of Hg 2+ (1x10 -3 M) to the 200 µL ligand solution (1x10 -3 M), new absorption bands at 305 nm and 370 nm appeared with increasing intensity. The absorbance maxima increased linearly with the concentration of Hg 2+ in a range of 0 -1.0 M with a correlation coefficient of 0.99306 ( Figure 4 ) after 10 readings. There was an isosbestic point at 280 nm which indicated that there were only two species present at equilibrium [18] . In addition, a new shoulder band appeared at 345 nm, something which relates to the intramolecular charge transfer (ICT) on the thiourea moiety of compound 3b. The band at 370 nm shows a hyperchromic effect with an increasing amount of Hg 2+ . Based on the UV-Vis titration, we were able to calculate the stoichiometry of the binding interaction between ligand 3b and Hg 2+ through the molar-ratio curve method (Figure 4 ) [19] . The binding ratio of 3b-Hg 2+ was 1:1 and the binding constant (K d ) was calculated using the nonlinear regression equation using Sigma Plot 12.0 software. The K d value of 3b-Hg 2+ was 1.659 M. To further study the binding behavior, 1 H NMR titrations were performed in DMSO-d 6 (Figure 5 ). Protons for the two NH of compound 3b were observed at 9.61 ppm and 9.59 ppm respectively. The integral of the peaks were both 2.00. After gradually adding the Hg 2+ solution (0 -0.06 M), the size of the signals decreased and their integration value became less than 1. This was due to the strong interaction between 3b and Hg 2+ . In addition, the protons for the NH 2 groups in the original spectra for compound 3b were singlet, but in combination with Hg 2+ solution, the signal became broader and less intense (integration less than 1.00).
Next, the FTIR spectrum showed that the complex of 3b and Hg 2+ showed a decreased intensity for both the CN and C=S groups, whilst a new peak appeared at 998 cm -1 (Figure 6 ) [20] . This peak was due to the complexation of the Hg 2+ ion and the thiourea moiety. The peaks responsible for the NH 2 region disappeared due to the intramolecular charge transfer formed with the thiourea moiety. The proposed reaction mechanism of the 3b-Hg interaction is shown in Figure 7 . 
Conclusion
In conclusion, we have reported the synthesis of thiourea derivatives, 1-(2-aminophenyl)-3-(naphthlene-1-yl) thiourea (3a), N-(2-aminophenyl)-N-(1-naphthalenyl)thiourea (3a'), 1-(3-aminophenyl)-3-(naphthalene-1-yl) thiourea (3b), and 1,4-phenylene-bis[3-(α-naphthyl)thiourea] (3c). Using observation by naked eye, UV-vis titration, FTIR, and 1 H NMR titration methods showed that the binding behavior of compound 3b towards Hg 2+ afforded a complex with a 1:1 binding ratio. Future work will be aimed at using compound 3b for sensor based applications whereby the fate of Hg 2+ can be tracked in the environment.
